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Supplementary Figure S1. Normalised and corrected scattering intensity S(Q) of Amorphous Calcium Carbonate produced using (a) neutrons and (b) x-rays as a function of scattering vector Q (Q=4πsinθ/λ, where θ is half of the scattering angle and λ is the wavelength).  The blue markers show the experimental data and the yellow line is the fit to the Monte Carlo model. 
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[bookmark: _Hlk96360513]Supplementary Figure S2.  Partial pair distribution functions determined for each atom-atom pair in the Monte-Carlo simulation.  The partial pair distribution function is the probability of finding an atom of type Y from an atom of type X as a function of distance from atom of type X.  Intense sharp peaks in these functions demonstrate the localisation of atoms at particular pair wise distances.
[image: S:\Macquarie-ANSTO\Paper 2017 ACC structure\images\partials\plot_partials_all.png]


Supplementary Figure S2 (continued)

[image: S:\Macquarie-ANSTO\Paper 2017 ACC structure\images\partials\plot_partials_all.png][image: S:\Macquarie-ANSTO\Paper 2017 ACC structure\images\partials\plot_partials_all.png]
[image: S:\Macquarie-ANSTO\Paper 2017 ACC structure\images\partials\plot_partials_all.png]

Supplementary Figure S3.  Bond angle probability distributions for selected X-Y-Z atom types obtained from the Monte-Carlo simulation. These angles were calculated using cut off distances to ensure that only first nearest neighbour atoms were included in the calculation.  The sharp peaks in the distributions demonstrate a fairly rigid atomic structure.  

[image: C:\Users\Bruno\AppData\Local\Microsoft\Windows\INetCache\Content.Word\FigS2C_angles_all.png]



Supplementary Figure S4. The average atomic structure of Amorphous Calcium Carbonate. Projections of the average atomic structure of Amorphous Calcium Carbonate onto (a) the ac plane and (b) the ab plane.  Calcium atoms are shown as green spheres, carbon atoms as grey spheres, oxygen atoms as red spheres and hydrogen atoms as white spheres.  This structure was determined using model building to find the best match the distances and bond angle distribution functions derived from the coordinates produced by the Monte-Carlo simulations.
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Supplementary Table 1.	Lattice parameters and fractional atomic coordinates for the average amorphous calcium carbonate atomic structure. The coordinates for the two carbonate orientations are representative.  The orientations of the carbonate groups are constrained to be the same along the c-axis while they can be the same or different along the a and b axes.


	
	a = 4 Å
	b = 4 Å
	c = 4 Å

	
	α = 90o
	β = 90o
	γ = 55o

	
	
	
	

	
	x
	y
	z

	Ca1
	0
	0
	0

	C1
	0.5
	0
	0.5

	O1a
	0.5
	0
	0.18

	O1b
	0.5
	0.28
	0.66

	O1c
	0.5
	-0.28
	0.66

	C2
	0.5
	-0.22
	2.5

	O2a
	0.5
	-0.22
	2.18

	O2b
	0.5
	0.06
	2.66

	O2c
	0.5
	-0.5
	2.66

	Ow1
	0.5
	0
	-0.375

	H1a
	0.5
	0.19
	-0.52

	H1b
	0.5
	-0.19
	-0.52

	Ow2
	-0.375
	0.2
	2.5

	H2a
	0.55
	0.29
	2.5

	H2b
	0.55
	-0.09
	2.5







Supplementary Table 2.	Positions of peaks in the x-ray and neutron scattering data. Data from this work, Goodwin et al.1, Cobourne et al.2, and Jensen et al.3 

	Peak
	Radiation
	Peak position (Å-1)

	
	
	This Work
	Cobourne et al.
	Jensen et al.
	Goodwin et al.

	1
	X-ray
	2.22
	2.20
	2.18
	2.22

	
	Neutron
	2.22
	1.84
	1.99
	

	2
	X-ray
	3.14
	3.15
	3.33
	3.33

	
	Neutron
	3.2
	3.15
	2.98
	

	3
	X-ray
	5.36
	5.62
	5.34
	5.57

	4
	X-ray
	6.23
	6.19
	6.31
	6.24

	
	Neutron
	6.23
	6.19
	6.19
	





Supplementary Table 3.	Correlation distances estimated for maxima in the Total Pair Distribution Functions (tPDFs). From this work, Goodwin et al.1, Cobourne et al.2 and Jensen et al.3  The studies of Fernandez-Martinez et al.4 and Goodwin et al.1 only show a portion of the tPDF.  Both contain the peaks at 4 Å and 6 Å.

	Designation
	Correlation distance (Å)

	
	This work
	Cobourne et al. 
	Jensen et al.
	Goodwin et al. 

	
	Neutron & 
X-ray
	
X-ray
	Neutron
	
X-ray
	Neutron
	
X-ray

	O-H(D)
	0.97
	0.89
	0.91
	
	
	

	C-O
	1.27
	1.24
	1.24
	1.26
	1.29
	1.29

	D-D
	1.6
	
	1.54
	
	
	

	Mg-O
	
	2.25
	2.22
	
	2.23
	

	Ca-O
	2.4
	
	2.42
	2.38
	2.43
	2.37

	Ca-C, C-O, C-Ow
	3.09
	
	2.95
	2.86
	2.93
	2.87

	
	3.31
	
	3.32
	
	3.32
	

	Ca-Ca
	4.07
	3.85
	4.08
	
	4.08
	4.09







Supplementary Table 4. Correlation distances estimated for maxima in the Partial Total Pair Distribution Functions (pPDFs).  From this work, Goodwin et al.1, Cobourne et al.2, and Jensen et al.3

	Atom pairs
	Position of maxima in pPDFs (Å)

	
	This work
	Cobourne et al. 
	Jensen et al.
	Goodwin et al. 

	Ca-Ca
	4
	3.30
	3.95
	3.99

	
	6
	6.17
	6.22
	6.20

	Ca-O
	2.4
	2.39
	2.35
	

	
	4.1
	4.19
	4.2
	4.18

	C-O
	3.8
	2.39
	4.02
	3.55

	
	5.1
	4.19
	5.25
	5.17

	Ca-C
	2.8
	
	2.93
	

	
	3.3
	3.29
	3.34
	3.47

	
	6.5
	6.12
	6.68
	

	C-C
	4.5
	3.48
	4.31
	

	
	6
	
	6.24
	

	
	8.9
	
	8.73
	

	Ca-Ow
	2.5
	2.39
	2.41
	

	
	4.2
	4.19
	4.1
	

	
	4.9
	
	5.01
	

	
	6.2
	6.95
	6.43
	

	O-Ow
	2.7
	
	2.77
	

	
	4.7
	
	4.61
	

	Ow-Ow
	2.7
	
	2.7
	

	
	5.2
	
	5.23
	

	Ca-H(D)
	3.1
	2.53
	2.88
	

	
	4.2
	
	4.7
	

	
	5.5
	
	5.72
	

	O-H(D)
	1.8
	1.16
	1.62
	

	
	3.2
	2.65
	2.84
	

	
	
	
	3.62
	

	
	5.1
	
	5.10
	

	H-H (D-D)
	1.9
	1.83
	2.25
	

	
	3.1
	
	3.16
	

	
	4.2
	
	5.86
	





Supplementary Figure S5. Comparison of our ACC structure with known calcium carbonate structures. Representative diagrammatic slices from the atomic structures of known calcium carbonates, equivalent to the ac plane in our nano-ACC structure, selected to illustrate the relative carbonate group orientations are shown.  Calcium atoms are represented by filled green circles, oxygen atoms by filled red circles, carbon atoms by filled black circles and hydrogen atoms by unfilled black circles.  Atoms not in the selected slice but necessary to fully illustrate the structure are represented by unfilled circles or filled circles with 50% transparency applied.  The structures can be seen to divide into two groups either with the carbonate groups in the ab plane or with the carbonate groups perpendicular to the ab plane. Vaterite can been then viewed as an intermediate on the path to either calcite or aragonite and ikaite can be viewed as a low temperature version where the original ACC structure has been “frozen” in.[image: ]

Supplementary Figure S6. Mean square deviation of atomic position as a function of time in molecular dynamics simulation of bulk ACC models. The diffusion coefficient of water is about one magnitude larger than that of Ca and CO3. The offsets 
(Ow 0.76 Å2, Hw: 1.84 Å2, Ca: 0.22 Å2, Cc: 0.21 Å2, Oc: 0.46 Å2) denote local/rotational/vibrational degrees of freedom which are substantially larger for water than for calcium and carbonate.   

[image: ]












Supplementary Information 1. 	Parameters used in the EPSR simulations5.

The atoms involved in the simulation are:
	Ca 
	calcium

	C 
	carbon in carbonate

	O 
	oxygen in carbonate

	Ow 
	oxygen in water

	H 
	hydrogen in water




C and O were set as CO3 molecules and Ow and H were set as H2O molecules. Each atom or molecular entity (Ca, CO3 and H2O) was created in an EPSR mol file, that includes the molecular geometry (bond length, bond angle), when appropriate, and the density and Lennard-Jones parameters.  The parameters used in the EPSR mol files are:


	Atomic number density
	Lennard-Jones parameters

	
	ρ (Å-3)
	
	ε (kJ.mol-1)
	σ (Å)

	Ca
	0.0134
	
	0.26
	3.1

	CO3
	0.0134
	C
	0.2
	3.6

	
	
	O
	0.65
	3.15

	H2O
	0.0134
	Ow
	0.65
	3.166

	
	
	H
	0
	0



The Lennard-Jones parameters εαβ and σαβ, for pairs of atom types α and β, are determined from these individual atom parameters, εα, εβ, σα and σβ, using the Lorentz-Berthelot mixing rule:
εαβ = (εα εβ)1/2
σαβ = 1/2 (σα + σβ)



Supplementary Information 2.  	Force fields parameters used in the molecular dynamics simulations. The applied force field parameters comply with those introduced by Raiteri et al.6 and Wu et al.7 




		


			



Where the parameters used in the Intermolecular Buckingham Potentials are:
.
	Buckingham
	A (eV)
	ρ (Å)
	C (eVÅ6)

	Ca−O
	3161.63
	0.27151
	0.000

	Ca−C
	120000000.00
	0.12000
	0.000

	O−O
	63840.20
	0.19891
	27.899

	O−Ow
	12534.46
	0.20200
	12.090

	O−Hw
	396.30
	0.21700
	0.000



The parameters used in the Intermolecular Lennard-Jones potentials are:
.
	Lennard−Jones
	ε (eV)
	σ (Å)

	Ca−Ow
	0.00095
	3.35000

	Ow−Ow
	0.00674
	3.16549



The parameters used in the Intermolecular Harmonic bond potentials are:

	Bond
	k (eV Å−2)
	r0 (Å)

	C−O
	35.90
	1.313

	Ow−Hw
	45.93
	1.012


The parameters used in the Intermolecular harmonic angle potentials are:

	Angle
	k (eV rad−2)
	θ0 (deg)

	O−C−O
	12.000
	120.00

	Hw−Ow−Hw
	3.291
	113.24



The parameters used in the Intramolecular improper potentials are:

	Improper
	k2 (eV Å−2)
	k4 (eV Å−4)

	C−O/O/O
	20.796
	360.0
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